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Specification 

The examiner acknowledges an amendment to the specification filed on 1 1/25/2003. 



Response to Arguments 

Applicant's arguments filed 1 1/25/2003 have been fully considered but they are 
not persuasive. 

Applicant argues on page 2, lines 20-29, that the office action fails to show that Wood et 
al. teach the limitations relating to a net having multiple solutions and the cited sections 
of Wood appear to deal with each net having a single routing. Wood et al. teach that by 
representing the equation as a binary decision diagram (BDD) representing all possible 
routes for all nets simultaneously (Abstract) and also by representing the resulting 
satisfiability problem using BDD'S, not only exact routability is determined, but also all 
feasible routing assignments for nets in the region are determined and incremental 
perturbations of the global routing constrains are supported, (page 230, col 2. [2]) 



The dependent claim 4 is not persuasive for the reasons set forth above in regards to 
claim 1. 

Applicant argues on page 7, lines 12-14 regarding claims 5 and 16, that if the rejection 
is maintained further explanation is need. Wood on page 229, col 1 , [4], teach that to 
generate triple sets for each of the channels, a simple left-edge channel routing 
algorithm was used to assign nets to tracks followed by back mapping of tracks to 
channel border pins assuming diagonal switch blocks. Wood also describes Table 1, the 
benchmark, including dimension, W which is the minimum C-block track count that the 
global router has determined can be used to complete the detailed embedding of its 
coarse graphs, number of nets and number of 2-point connects. 
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The dependent claims 6 and 7 depend from claim 5, and explanation set forth above in 
regards to claim 1 applies to claims 6 and 7. 

Also in regard to claim 7, applicant argues on page 7 lines 22-25 that Wood et al. does 
not appear to mention a resource table but instead teach a Boolean function that returns 
a "1" for connected paths. Wood on page 226, col 1 ,p [2] explains that a large BDD 
means a large number of routing solutions are possible and a small BDD means few 
feasible routing. A null "0" BDD means no solution. Also in regard to claim 8 wood 
discloses on page 224,p [1] explains that a Boolean function over the encoding of net- 
to-resource assignment that is "1" for connected paths. So in a two function, "0" can be 
a second function and "1" stands for the first function. 

Claims 9 and 10 depend from claiml and the reason set forth is regard to claim 1 
applies to claim 9 and 10. In regard to claim 11, wood on page 223, col 1,p [4] discloses 
that all nets are assigned simultaneously to feasible tracks. And "n" must be known to 
execute the formulation is a function of the required number of tracks in the final 
solution. Thus one is forced to continuously reformulate (modify) the problem with in 
creasing guesses (repeating) at the final track density until satisfiability Boolean function 
exists. 

Claim 12 depend from claim 11, and claim 13 depends from claim 12. Therefore, the 
same reason set forth above in regards to claim 1 1 applies to claim 12 and 13. In regard 
to claim 17-19, applicant argues on page 7 lines 22-25 that Wood et al. does not appear 
to mention a resource table but instead teach a Boolean function that returns a "1" for 
connected paths. Wood on page 226, col 1 ,p [2] explains that a large BDD means a 
large number of routing solutions are possible and a small BDD means few feasible 
routing. A null "0" BDD means no solution. Also in regard to claim 8 wood discloses on 
page 224,p [1] explains that a Boolean function over the encoding of net-to-resource 
assignment that is "1" for connected paths. So in a two function, "0" can be a second 
function and "1" stands for the first function. 
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In regard to claim 21 , wood on page 223, p[3] discloses Routing via Boolean 
satisfiability. Therefore, anticipates the same limitation. 

Applicant argues on page 9, lines 7-13 that having based the 103 rejections on the 
single Abramovici reference, the rejection is required to show that Abramovici suggests 
all the limitations of the base and dependent claims 2-3 and 20. 
In regard to above mention claims, wood teach the Boolean and Exclusivity functions, 
but Wood et al. do not teach the routability function in Conjunctive Normal form (CNF). 
However, Abramovici et al. teach a computational technique for implementing 
satisfiability algorithms involving testing and design of integrated circuits and other 
complex devices and systems. Abramovici also characterize satisfiability (SAT), which 
is a computationally difficult problem with a given Boolean function F (x1, x2,...xn) and 
where F is set to 1 . Typically, F is expressed as product-of-sums, which is also called 
Conjunctive Normal Form (CNF). Therefore, the motivation states that it would have 
been obvious for one of ordinary skill in the art at the time the invention was made to 
employ the routability function in Conjunctive Normal Form (CNF) disclosed by 
Abramovici to FPGA routing and Routability estimation via Boolean satisfiability 
disclosed by Wood et al. and by doing so, a reconfigurable hardware platform to 
process circuits much larger than the available capacity of the platform at the cost of a 
limited amount of additional processing time. It allows any satisfier implemented with 
reconfigurable hardware, multiple FPGAs, to process circuits much larger than the 
available capacity of the FPGAs, it does not require any inter-FPGA signal routing. It 
can be implemented using a platform that is much simpler and cheaper than a 
Conventional Logic emulator. Also, significant speed-up inn computational time, up to 
three orders of magnitude, obtained by the concurrent solving of sub problems, are 
additional benefits, (col 3, lines 20-42, Abramovici) 
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Claims 1-21 have been examined. 

Claim Rejections - 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form 
the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1,4-19, and 21 are rejected under 35 U.S.C. 102(b) as being 
anticipated by R.Glenn Wood et al. [IEEE Transaction on Very Large Scale 
Integration (VLSI) System, Vol. 6, No. 2, June 1998]. 

1 . As per claim 1 , a computer-implemented method for determining routing 
feasibility of routing solutions for a plurality of nets, each solution using one or 
more routing resources, comprising (abstract, lines 4-6), 

-generating a first Boolean function with variables representing respective 
net/solution pairs, wherein each net has an associated set of one or more routing 
solutions, at least one of the nets has a plurality of routing solutions, and the first 
function evaluates to true if there exists a set of values for the variables such that at 
least one of the variables for each net is logically true; generating a second Boolean 
function using the variables that represent the net/solution pairs, wherein the second 
function evaluates to true if there exists at least one set of values for the variables such 
that no resource is used by more than a predetermined number of nets; and outputting 
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a signal indicating whether there exists at least one set of values for the variables for 
which the first function and the second function evaluate to true. Wood et al. teach the 
above limitations by representing the equation as a binary decision diagram (BDD) 
representing all possible routes for all nets simultaneously (Abstract) and also by 
representing the resulting satisfiability problem using BDD'S, not only exact routability is 
determined, but also all feasible routing assignments for nets in the region are 
determined and incremental perturbations of the global routing constrains are 
supported, (page 230, col 2. [2]) 



2. A per claim 4, Wood et al. teach a method, wherein the resources comprise 
signal routing resources of a field programmable gate array (Pg 222, Col 1 , p [2]). 

3. As per claim 5, a method, corresponding to generating a net table 
including respective sets of solutions associated with the nets (Pg 225, Col 1 , p 
[2], lines 2-5). 

4. As per claim 6, a method corresponding to generating the first function 
from the net table (Pg 225, Col 1, p [3]). 

5. As per claim 7, a method, corresponding to generating a resource table 
including respective sets of net/solution pairs associated with the resources, 
wherein each net/solution pair associated with a resource represents usage of the 
resource by the net/solution pair (Pg 224, Col 1 , part 3). 

6. As per claim 8, a method, corresponding to generating the second 
function from the resource table (Pg 225, Col 4). 

7. As per claim 9, a method wherein the predetermined number of nets that can 
use a resource is 1 (Pg 224, Col 1, Part 3). 
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8. As per claim 10, a method corresponding to saving as a routing solution the at 
least one set of values for the variables for which the first function and the second 
function evaluate to true. (Pg 225, Col 1 , Part 2, lines 8-1 1 ). 



9. As per claim 1 1 , a method corresponding to wherein if there exists no set values 
for the variables for which first and second functions evaluate to true, then performing 
the steps of: modifying one or more selected sets of the routing solutions; and 
repeating the steps of generating first and second functions and outputting the signal. 
(Pg 223, Col 1,p[4], lines 5-8). 

10. As per claim 12, a method adding additional sets of routing solutions. (Pg 
223, CoM, lines 9-11) 

11. As per claim 13, the repeating steps continue until predetermined criteria are met. (Pg 223, 
Col 1, Par 4, lines 8-10). 

12. As per independent claim 14, an apparatus for determining routing feasibility of routing 
solutions for a plurality of nets, each solution using one or more routing resources, comprising: 
(abstract, lines 4-6), 

Means for generating a first Boolean function with variables representing 
respective net/solution pairs, wherein each net has an associated set of one or more 
routing solutions, at least one of the nets has a plurality of routing solutions. And the first 
function evaluates to true if there exists a set of values for the variables such that at 
least one of the variables for each net is logically true; means for generating a second 
Boolean function using the variables that represent the net/solution pairs, wherein the 
second function evaluates to true if there exists at least one set of values for the 
variables such that no resource is used by more than a predetermined number of nets; 
means for outputting a signal indicating, whether there exists at least one set of values 
for the variables for which the first function and the second function evaluate to true . 
Wood et al. teach the above limitations by representing the equation as a binary 
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decision diagram (BDD) representing all possible routes for all nets simultaneously 
(Abstract) and also by representing the resulting satisfiability problem using BDD'S, not 
only exact routability is determined, but also all feasible routing assignments for nets in 
the region are determined and incremental perturbations of the global routing constrains 
are supported, (page 230, col 2. [2]) 

13. As per independent claim 15, a computer-implemented method corresponding to 
determining routing feasibility of a plurality of nets sharing a-plurality of resources, 
comprising: (Pg 225, Col 2, p[2], lines 3-6), 

inputting respective sets of one or more solutions associated with the 
plurality of nets, at least one of the nets having a plurality of routing solutions, and each 
solution being associated with one or more required resources, assigning respective 
identifiers to net/solution pairs; generating respective Boolean liveness functions for the 
nets using the net/solution pairs; generating respective Boolean exclusivity functions 
using the net/solution pairs for each resource required by two or more nets; generating 
a routability Boolean function as a logical AND of the liveness functions and exclusivity 
functions; and testing whether the routability function can be satisfied. Wood et al. teach 
the above limitations by representing the equation as a binary decision diagram (BDD) 
representing all possible routes for all nets simultaneously (Abstract) and also by 
representing the resulting satisfiability problem using BDD'S, not only exact routability is 
determined, but also all feasible routing assignments for nets in the region are 
determined and incremental perturbations of the global routing constrains are 
supported, (page 230, col 2. [2]) 

14. As per claim 16, a method corresponding to generating a net table 
including respective sets of solutions associated with the nets, (pg 225, 
Col 1, Part II, lines 2-5). 

15. As per claim 17, a method corresponding to generating a liveness functions 
from the net table. (Pg 225, Col 1 , p [3]). 
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16. As per claim 18, a method corresponding to the method of generating a resource 
table including respective sets of net/solution pairs associated with the resources, wherein 
each net/solution pair associated with a resource represents usage of the resource by the 
net/solution pair. (PG 224, Col 1, Part 3) 

1 7. As per claim 1 9, a method corresponding to the generating the exclusivity 
functions from the resource table. (Pg 224, part 4) 

1 8. As per claim 21 , a method corresponding to applying Boolean satisfiability to the 
routability function. (Routing via Boolean satisfiability is disclosed on Pg 223, p [3]) 



Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis 
for all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject 
matter sought to be patented and the prior art are such that the subject matter as a whole 
would have been obvious at the time the invention was made to a person having ordinary 
skill in the art to which said subject matter pertains. Patentability shall not be negatived 
by the manner in which the invention was made. 

Claim 2-3, and 20 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Abramovici et al. (US 6,442,732). 

As per claims 2-3, and 20, Wood et al. do not teach the Boolean and Exclusivity 
functions and also the routability function in conjunctive normal form (CNF), 
however, Abramovici et al. teaches a method corresponding to representing the 
first and second Boolean function in conjunctive normal form (Pg 1, lines 19-21), 
applying Boolean satisfiability to first and second function (Pg 1, lines 15-18), and 
Representing the liveness and exclusivity functions and the routability function in 
conjunctive normal form (Pg 2, lines 60-67). 



» * 
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One of ordinary skill in the art would have been motivated to use the 
product-of-sum, which is also called conjunctive normal form (CNF), because 
doing so would have allowed a reconfigurable hardware platform to process 
circuits much larger than the available capacity of the platform at the cost of a 
limited amount of additional processing time. (Pg 3, lines 22-25) 

Therefore, it would have been obvious for one of ordinary skill in the art at 
the time the invention was made to recognize that conjunctive normal form (CNF) 
could be used in satisfiability algorithms for computational aspects of the 
integrated circuits and other complex systems and devices. 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .1 36(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Mitra Kianersi whose telephone number is (703) 305- 
4650. The examiner can normally be reached on 7:00AM-4:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, David Wiley can be reached on (703) 308-5221 . The fax phone number for 
the organization where this application or proceeding is assigned is (703) 872-9306. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is (703) 305- 
3900. 

Mitra Kianersi 
Feb/02/2003 




